Based on the needs of detection and calibration with low-energy X-ray, we used the relationship characteristics of X-ray fluorescence, absorption and limit potential target excitation, developed the X-ray device with adjustable intensity (single photon to 10 7 /s), optional energy points (4keV-20keV), highly portable (≤1kg), by the matching design of fluorescence energy conversion target and modulation means, coupled transport simulation of electron-photon in target, meanwhile, we solved the low-energy X-ray radiation field diagnose problems with HPGe detector, which calibrated with combined technique, including relatively wide energy efficiency simulation and single energy point of absolute efficiency calibration. In single-photon calibration field of soft X-ray pulsar navigation detect, the portable reference single energy radiation fields was applied effectively and got good result, the reference radiation fields provided perfect experiment means for the scientific study of pulsar navigation detecting, sun X-ray monitoring, etc.
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Theoretical simulation
In order to modulate X-ray energy according to three stages as shown in Figure 2 , the device structure designed was shown in Figure 1 . We used simulation means of empirical formula and Monte Carlo to obtain the required modulation parameters, such as X-ray machine set voltage, absorbent material species, thickness and so on.
(1) Primary radiation. The primary radiation is produced from ionizing ion dx dE ) / ( and radiation rad dx dE ) / ( in the anode target with high speed electronics incident, which are composition with characteristic fluorescence(separate energy) and bremsstrahlung (continuous energy) [11, 12] . These spectrum and intensity of two kinds of X-ray are decided by the incident electron energy, angle and target material, the corresponding expression of cross sections see formula (1) and (2 
In the formula, ν is electronic speed, m / s. E is electron energy, MeV. x is an electronic walking distance, m. m is the electron mass, kg. z is electronic charge number, C. Z is the atomic number of the target substance. N is atomic density of the material in per-unit volume, m -3 .
Based on the above empirical formulas ， in low-energy region, the bremsstrahlung and fluorescence yield would increase with the increase of the incident photon energy, but the share of high energy in bremsstrahlung would increase, which also would affect monochromatic radiation of target photon. It is necessary to seek a balance between the fluorescence yield and scattering interference. In our work, under the condition of different setting voltages with electrons accelerated in 20μm tungsten target and 250μm beryllium target, using the simulation means of particle transport code MCNP [13] , we simulated the primary X-ray spectrum, the simulation curve see in Figure 2 , the results can provide data base for subsequent acceleration voltage setting.
Fig. 3
The primary radiation spectrum simulated (2) Fluorescence radiation. The primary X-rays incident in the target, which deposited energy in the target, and produced fluorescence photons, scattered photons and heat mainly through the photoelectric effect and Compton effect. According to the atomic energy level distribution and incident photon energy characteristics, in the low-energy region, the main fluorescence excited is k layer, and its cross section ), in this case, the basic component of Compton scattering composition come from Thomson scatter, whose scattering cross section can be simplified to equation (4).
In the formula, 0 r is classical radius of the electron, about 2.8 × 10 -13 cm.
From the formula(3), the photoelectric cross section increase obviously with atomic number Z increases of target material, and reduce with incident photon energy increases. The formula (4) shown the cross sections is independent with the photon energy, but is inversely proportional to the atomic number, it can clearly be seen that the energy of incident photon is to decisive parameters of fluorescence energy. In simulation, the X-ray fluorescence spectrum at different set voltage was shown in Figure 4，under the conditions of the initial radiation spectrum shown in Figure 3 , structure and layout as described in Figure 1 , the thick copper of fluorescent target C is 200μm , the copper thickness of intensity control sheet D is 50μm. . Due to the fluorescent to be modulated is composed by k α and k β (L fluorescence yield is very low, can be ignored), in the energy modulation, we select these characteristic target material as filter, which of excitation potential is slightly larger than k α or k β , meanwhile, the energy absorbing edge is near the target k β in the middle of k α and k β energy. In order to make full use of material absorb coefficient mutation's characteristic to strengthen photon absorption in region near k β energy, and to adjust the fluorescence spectra of transmission, using iterative simulation method to determine the thickness d. The following describe of the Cu target as an example, K α1 energy is 8.047keV, K α2 energy is 8.027keV, K β energy is 8.940keV, L fluorescent energy are 0.928keV and 0.948keV. Selecting Ni as the filter is more appropriate, the excitation potential of the corresponding energy is slightly higher than 8.940keV, suitable for K β energy copper absorption fluorescence. In our simulations by MCNP program, when Ni target is setting 50um, the spectrum with absorption before and after obtained can see as figure 5 .
The filtered fluorescence spectrum simulated Figure 5 shows that the K β energy of Cu fluorescence(8.940 keV) can absorb effectively with fluorescence modulated, and the interference components can been suppressed down nearly one orders of magnitude, the average energy of primary spectrum can modulated from 8.30keV to 8.13keV. Under these conditions, the total energy peak region is between 8keV-8.15keV, which is obtained from spectrum modulated by the HPGe detector, the probability of peak count is up to 98% in total spectrum, and the energy monochromatic better than 98.2%, this can be very suitable for low-energy detector energy calibration. According to this principle and simulation methods within 4keV-15keV energy range, in our work selection several monoenergetic photon of the 4.58keV, 4.95keV, 8.04keV, 16.58keV to design, the detailed parameter can see below summarizes.
Structure realization
According to the configuration shown in Figure 1 , using MOXTEK company's TUB00082 type X-ray tube as primary fluorescence excitation source, that can run at voltages between 4-50kV current 0-200μA, focal spot is 300μA, anode target is W , thick beryllium window is 250μm, the power supply is DC 24V, the maximum power is 4W. In order to convenience of experimental application and strengthening radiation protection, we set the 1cm Fe shielding to control the transmittance rate of 50keV X-ray within 10 -4 level out of shielding, through MCNP simulation, and develope the fluorescent device with 45 degrees conversion target. The device is composed of a scattering target, collimator and absorbing sheet, and the power supply and control systems are encapsulated in the control box.
Radiation field diagnose
Obtaining accurate parameters is the basis for device applications, in our study, selection of Canberra HPGe GL0213R type as a diagnostic device, using a combination means of theoretical and experimental, to implement system calibration and measurement experiments.
Measure system calibration
The calibration of energy and efficiency is data foundation to ensure detection data reliable. For low-energy detector, the serious nonlinearity of detection efficiency and lack of multi-point energy calibration source, which brought great difficulties for the absolute fluence of the radiation field measurements. In our work, according to the X-ray energy range, using the Monte Carlo method to get the relative detection efficiency curve, combined with absolute calibration method of Am-241 standard radioactive source, we gain the absolute detection efficiency curve with the relative efficiency's absolute calibration, the efficiency curve of the detector in setting energy region was shown in figure 6. 
Measurement results and analysis
Using the measure system, we complete the X ray radiation field measure under various operating conditions, the parameters of fluorescence spectrum and fluence rate were summarized in Table 1， the spectrum and fluence in the several typical condition of X source running measured are seen in figure  7 . Fig. 7 The single photon energy distribution established Shown in Table 1 , using fluorescence converting target and energy modulators, we can provide favorable radiation field with different energy and fluence rate in 4-20keV, to meet the different sensitivity calibration of single photon detector. Figure 7 shows the various conditions to produce monochromatic radiation field is good, 5.01keV single photon obtained as target combinations of V-23 (vanadium) and Ti-22 (titanium) , the energy resolving rate is better than 4%. 8.10keV single photon obtained as target combinations of Ni-28 and Cu-29, the Energy half-width can reach 0.4keV. To more than 10keV photon, due to the fluorescence effect of X-ray machine's anode and shielding material, some interference photon maybe influence spectrum, such as combination with Zr-40and Nb-41, the main energy of emission photon is 16.58keV, but also exist other energy interfere photon, that should be paid attention in application. 5 Experimental application According to the calibration task of single photon detector developed for the pulsar navigation radiation profile measurement [14] , we build single photon measurement system with CR105PMT photomultiplier tube and TELEDYNE LECROY wave runner 610Zi oscilloscope. In order to deduct the oscilloscope baseline fluctuation interference, we used single pulse current integral method to realize the single photon signal record, and setted integral signal subtraction method with or without pulse signals. The experiment setting is as follows, the detector's high voltage is -900V, the oscilloscope stall is 50Mv/div, trigger threshold is 1mV, the test system structure is shown in Figure 8-(a) . Adjusting the radiation field parameters, control X-ray fluence in the 10 7 /s or less, on several conditions of single photon incident at 17.5keV, 8.43keV and 5.04keV, the statistics of the detector response obtained was shown in Figure 8 The calibration results of figure 8 show that when there is no X-ray incidence, the oscilloscope recorded signal is composed with dark events , including cosmic rays, thermal noise, etc., the charge quantity forming with dark event is relatively large(the peak shown in a vertical line 1, the relative charge quantity is 6.94×10 -10 nVs). When X ray radiating, the dark counts share of detector by oscilloscope records is very down, the response waveform show good characteristics of Gauss distribution. When the single photon incident energy at 17.5keV, the signal peak shown in vertical line 2, the relative charge quantity is 5.426×10 -10 nVs. When the single photon incident energy at 8.43keV, the signal peak shown in the vertical line 3, the relative charge quantity is 4.123×10 -10 nVs. When the single photon incident energy at 5.04keV, the signal peak shown in the vertical line 4, the relative charge quantity is 3.532×10 -10 nVs.
The results of application show that, single photon detection signal increase with the incident energy increase, but the signal range change exhibit nonlinear with energy increases. There are many factor could produce above result, such as the detector dark current, fluorescence conversion efficiency of different energy X-ray, energy scatter on detector surface with reflective film, these issues requires careful study in subsequent detector calibration application. It is obvious that the multi-single energy photon obtained are significance for detector calibration, and need to develope highly portable single photon device for the application, the reference radiation field can provide ideal conditions for the calibration of the detector quantum efficiency calibration and so on.
Summary
This study based on the micro X ray fluorescence and filtering technology, through fluorescence modulation matching design of conversion target and absorbing target, coupled transport simulation of electron and photon in the target material, device structure and shielding design, etc., and combined with the theoretical simulation and experimental measurement techniques, the desired optimum excitation voltage of each single fluorescent produced and the thickness of absorption film were explored, and GL0213R type HPGe detector efficiency calibration problem was solved, and the emitted photon energy and fluence rate were diagnosis, at the same time, each characteristics of signal energy X-ray spectrum obtained were evaluated. The diagnostic results shows that the portable
